There is a complex interaction between genetic, metabolic, and environmental factors in determining the risk of Metabolic Syndrome (MetS). The aim of this study was to investigate the interaction between the dietary intake of iron, copper, zinc, manganese, selenium and iodine (assessed by 24 recall) with vascular endothelial growth factor variants (rs6921438, rs4416670, rs6993770, and rs10738760), on the risk of metabolic syndrome. Two hundred and forty eight individuals with MetS and 100 individuals without MetS recruited. Dietary intake and the daily average of energy and nutrients intake were obtained by questionnaire and quantified using Diet Plan 6 software. DNA was extracted from EDTA anticoagulated whole blood. The SNPs were assessed using using a Sequenom iPLEX Gold assay. Data analysis was undertaken using the Student's t-test, χ2 test and logistic regression using SPSS 11.5 software. There was a significant interaction between low dietary iron intake with rs6993770 (β= 0.10, p<0.05), and a low dietary zinc and a high manganese intake with rs6921438 in relation to the presence of metabolic syndrome (β= -0.17, p<0.05, β= -0.30, p<0.05, respectively). Our data showed the association of rs6993770 with iron intake and rs6921438 with zinc and manganese intake, indicating further investigating in a larger population to evaluate their values.
Introduction
Metabolic syndrome (MetS) is defined by a clustering of four major cardiovascular risk factors:
Obesity, insulin resistance (hyperglycemia), dyslipidemia (low serum HDL cholesterol, and high serum fasted triglycerides), and arterial hypertension (Azimi-Nezhad et al. 2012) . The prevalence of MetSis increasing in the urbanized world and in developing nations (Li et al. 2013 ). Although the exact mechanism leading to MetS is still unclear although there is likely to be a complex interaction between genetic, metabolic, and environmental factors (Li et al. 2013) . Excess weight increases the risk of multiple conditions that can contribute to the aetiology of MetS.
The polypeptide VEGF is a potent regulator of angiogenesis (Shahbazi 2002) . It is generally accepted that the vascular endothelial growth factor/vascular endothelial growth factor receptor (VEGF/ VEGFR) system accounts for much of the angiogenic activities in adipose tissue (Lijnen 2008) . Angiogenesis involves the construction of new capillaries from main blood vessels, and it is a pivotal mechanism for transporting essential nutrients into the cells. The VEGF gene contains several polymorphic regions known to influence VEGF expression (Choi et al. 2011 ).
Angiogenesis and vasculogenesis are dependent on several growth factors and their associated tyrosine kinases. VEGF acts both as an activator and as a survival factor for endothelial cells of newly formed blood vessels (Wada et al. 2010) . Neovascularization refers to the formation of new blood vessels. This important biological process is known to be sensitive to copper levels as lowering copper levels appears to be a potentially effective antiangiogenic approach to cancer treatment (Brewer et al. 2005) , and copper egress is induced by VEGF, and this dynamic developmental process is required for endothelial tube formation (Qin et al. 2006) .
A genome-wide association study (GWAS), identified four single-nucleotide polymorphisMetS (SNPs), (rs6921438, rs4416670, rs6993770, and rs10738760), that explained up to 50% of the heritability of serum VEGFA (Stathopoulou et al. 2013) .
Trace elements such as iron (Fe), zinc (Zn), copper (Cu), manganese (Mn), iodine (I) and selenium (Se) are essential for optimum metabolic function. These elements serve a variety of functions including catalytic, structural and regulatory activities in which they interact with macromolecules such as enzymes, pro-hormones, presecretory granules and biological membranes (Aggett 1985) . Some trace elements, for example zinc, iron, selenium and copper play important roles in cellular and molecular processes in biology.
Cardiovascular disease is the leading cause of death, which is an important consequence of MetS, and an imbalance of trace elements and metals appears to be a possible cause of coronary heart disease (CHD) (Easter Renee et al. 2010 , Mutakin et al. 2013 . Silva et al (2013) showed that the trace elements iron, copper and vascular endothelial growth factor are related and indicating higher plasma levels of these elements may be associated with the angiogenic process in breast cancer. To overcome the significant gap between molecular biology, physiology and more traditional nutrition research, nutrigenomics has been initiated as a new innovative strategy which focusing on gene-environment interactions and the relevance of genotype changes e.g. single nucleotide polymorphisMetS (SNPs) for individual variation in responses to food, dietary pattern and susceptibility to develop nutrition-related diseases (Afman et al. 2012) . The investigation of the inetractions of these new genetic variants with dietary trace element in the pathogenesis of MetS might give some insight into the relationship between gene variants affecting the expression of VEGF regulating and dietary trace elements. We therefore investigated whether the interaction between rs6921438, rs4416670, rs6993770, and rs10738760 SNPs and dietary trace element are associated with the risk of MetS.
Method and material:

Subjects:
A total of 350 men and women were recruited from three areas in Mashhad, North East of Iran, using a stratified cluster random method. The diagnosis of MetS was based on the modified International Diabetes Federation (IDF) criteria (Hadaegh et al. 2009 ). The criteria comprised:
abdominal obesity (waist circumference ≥94 cm for men and ≥80 cm for women), and any two of the following factors: triglycerides >1.7 mmol/L (>150 mg/dl), or treatment for dyslipidemia; high-density lipoprotein-cholesterol (HDL-C) <1.03 mmol/L (<40 mg/dl) in men and <1.29 mmol/L (<50 mg/dl) in women; blood pressure ≥130/85 mmHg or antihypertensive treatment; fasting blood glucose ≥5.6 mmol/L (>100 mg/dl) or treatment for diabetes. Patients who were on oral contraceptives, or hormone replacement therapy, antioxidant and mineral supplements and herbal remedies as well as pregnant women and patients with chronic disease were excluded from the study. None of the subjects had overt clinical features of infection, or chronic inflammatory disease and all of subjects were negative for HBS antigen, anti-HCV antibody, and anti-HIV antibody. From 350 subjects, 248 patients were diagnosed with METS through physical exam and laboratory measurements, and 100 control s were recruited. Two subjects were excluded for the complete questioners. The study protocol was approved by the Ethics Committee of Mashhad University of Medical Sciences (Mashhad, Iran). Written informed consent was obtained from all subjects prior to their participation in the study.
Anthropometric measurements and data collection
The demographic, anthropometric and lifestyle data were collected by two trained health care professionals. The height , weight and waist circumference (WC) were measured using standard methods (Azimi-Nezhad et al. 2012) . WC was determined by measuring waist diameter in the level of midpoint between iliac crests and lower border of tenth rib (Azimi-Nezhad et al. 2012 ).
The average of three measurements was considered as WC. Body mass index (BMI) was calculated by weight in kilogram divided to square of height in meter (kg/m 2 ).
Biochemical analysis
A full fasted lipid profile, comprising of total cholesterol, triglycerides, high-density lipoprotein cholesterol (HDLC), low-density lipoprotein cholesterol (LDL-C), serum high sensitive Creactive protein (hs-CRP) and 12 hour fasting blood glucose were determined for each patient.
Serum lipid and fasting blood glucose concentrations were measured by enzymatic methods.
Dietary assessment
Dietary intake was assessed using 24 hour recall. Research dieticians provided instructions to the subjects with a booklet with letters representing small, medium, or large portions. The participants were asked to record a detailed description of all foods, beverages in 24 hour recall questionnaire. All records were checked by a dietician on completion and any incomplete information was clarified. The daily average of energy and nutrients intake was calculated by using the Diet plan6 software with Iranian food nutrients.
Genotyping:
DNA was extracted from all participants, and relative bio banks have been constructed in the BRC IGE-PCV. The SNPs rs6921438, rs4416670, rs6993770, and rs10738760 were genotyped using Geno screen© (http://genoscreen.fr) using a Sequenom® iPLEX Gold assay (Medium (Fletcher et al. 2013) . In this analysis the effects of modification or the interaction term (SNPs × trace element) variable was calculated for each trace element and VEGF SNPs and then regression β for the risk of their interaction and metabolic syndrome was obtained. (Fletcher et al. 2013) . Sex, age, smoking status and serum hs-CRP were adjusted (Askari et al. 2013) . A p-value of 0.05 or less was considered as statistically significant and Statistical analysis was performed with SPSS 11.5 software.
Results:
The characteristics of subjects with and without MetS are shown in CT genotype along with copper, zinc, manganese and iodine variable in the risk of MetS (p<0.05) while there was no significant association between iron intake and rs4416670 SNP. In Table 5 interaction between zinc, manganese intake and rs6921438
SNPs had a significant negative effect on the risk of MetS (β=-0.16, P=0.02, β=-0.31, P=0.02 respectively). As shown in table 6, the interaction between iron intake and rs6993770 SNPs also had a significant positive effect on the risk of MetS (β=0.10, P= 0.04) but there was no interaction between trace elements intake and rs10738760 SNPs on the risk of MetS as shown in table 7.
Discussion:
Nutrigenetics has emerged as a multidisciplinary field focusing on studying the interactions between nutritional and genetic factors and health outcomes (Perez-Martinez et al. 2008 , Ordovas et al. 2004 . Recent advances in nutrigenetics and nutrigenomics, two fields with distinct approaches to elucidate the interaction between diet and genes but with a common ultimate goal to optimize health through the personalization of diet, are providing powerful approaches to unravel the complex relationship between nutritional contents, genetic single nucleotide polymorphisMetS (SNPs), and the biological system as a whole (Perez-Martinez et al.
2012).
In this study for the first time we have shown the interactions between 4 SNPs of the VEGF gene that were independently associated with serum VEGF levels (rs6921438 and rs4416670 on chromosome 6p21.1, rs6993770 on chromosome 8q23.1, and rs10738760 on chromosome 2014 , Xi et al. 2008 ). An association between low hemoglobin concentrations and increased serum VEGF concentrations also has also been reported in patients with cancer (Dunst et al.1999) , so iron deficiency and low hemoglobin concentrations had the significant relationship with serum VEGF. As stated previously, angiogenesis that activated by VEGF involves in construction new capillaries from main blood vessels which is a pivotal mechanism for shipping essential nutrients such as iron to the cells.
We also showed a negative effect of the interaction between low detary zinc intake, high manganese intake and the rs6921438 SNPs in association with the risk of MetS. Bredow et al (2005) , indicated in contrast with our finding that in nonpulmonary cell lines, manganese (Mn)
induces cellular expression of VEGF in vitro. These data suggest that Mn might promote changes in pulmonary angiogenic growth factor expression, which, over time, could affect lung vasculature morphology, leading to enhanced susceptibility to diseases but in our study there was a negative interaction between Mn and VEGF regulatory SNPs. It was shown that intracellular zinc deprivation resulted in increased VEGF production by prostate cancer cells (Golovine et al. 2008 ). Our results suggest that deficiency of some dietary factors may result in increased serum VEGF and more angiogenesis, affecting the transportation of essential nutrients to the body cells (Choi et al. 2011 ).
Understanding the biological impact of gene-environment for example, nutrients, interactions will provide a key insight into the pathogenesis and progression of diet-related polygenic disorders. These studies indicate that therapeutic dietary therapy may require a 'personalized nutrition' approach, wherein a particular genetic profile may determine responsiveness of patients to specific dietary nutrient interventions. Not measuring serum levels of VEGF and trace elements may be one important limitation of our study. In order to understand the role of elements in the their interaction with VEGF SNPs we need further examinations with wider populations.
Conclusions:
This study shown that in association with metabolic syndrome low iron intake had a positive interaction with rs6993770 SNPs while low zinc and high manganese intake had a negative interaction with rs6921438 SNPs. Finally, the described procedure of determination of elemental intake and their interaction with angiogenesis factors in this study could become a complementary diagnostic and therapeutic tool in medicine field.
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